Purpose: Unintentional falls are common, especially among older adults. Many falls result in injuries, which lead to more medical conditions, disability, or even death. The current study evaluated the occurrence of falls and fall-related injuries, and their associated human factors among the population aged 45 years or older in the U.S.
Introduction
Falls are among the most serious health concerns in older adults. As populations are aging in industrialized countries, fall incidences become even more common. Each year, one in every three individuals over the age of 65 years experience falls [1] . In the U.S., unintentional injury is the fifth leading cause of death in the general population, and falls are the second most common cause of unintentional injury across all age groups. In 2005, a total of 15,802 persons aged 65 years or older died as the consequence of injuries from falls [2] . Furthermore, the rate for fatal falls had increased 13.3% during 1993-2003 [3] , due to the aging population.
Unintentional injuries from falls also frequently cause disabilities, fractures, and nursing-home admissions. The medical costs related to falls are enormous. Fall-related injuries in the U.S. cost more than $20 billion each year, and by 2020 this cost is expected to reach $32.4 billion [4] . Moreover, falls pose a significant negative impact on quality of life, as many people develop the fear of falling after falls and restrict their activities, resulting in further diminishing of their physical strength and increasing the likelihood of falling subsequently [5] .
Studies show that certain factors contribute to falls [6, 7] . These factors can be classified as intrinsic, extrinsic, and environmental. Intrinsic factors include lower extremity weakness, poor gait and balance, functional and cognitive impairment, visual deficits, etc. [8, 9] . Use of certain medications and poor foot wares are some of the extrinsic factors. Examples of environmental factors are poor lighting, loose carpets, lack of bathroom safety equipment, etc [5] .
Despite considerable research on falls, most of the studies focused on specific subpopulations [10] , such as certain gender, old adults, nursing home patients, or people with certain diseases. Findings from large population-based data on falls and fall-related injuries are relatively scarce. The purpose of the current study was to evaluate fall occurrences and fall-related injuries and associated factors among both middle-aged and older adults in the general U.S. population by analyzing the data from the 2006 Behavioral Risk Factor Surveillance System (BRFSS) [11] . Because of the magnitude of the problem, fall-related death prevention is an objective in the U.S. Healthy People 2010 [12] . The specific goal is to reduce the number of deaths resulting from falls among those aged 65 or older to no more than 34.6 per 100,000 persons from the baseline of 38.4 per 100,000 persons. Understanding the factors that correlated with falls is the first necessary step for achieving the goal.
Methods

Data sources
The BRFSS is a collaborative project of the Centers for Disease Control and Prevention (CDC) and U.S. states and territories. The BRFSS, initiated in 1984, is an ongoing data collection program designed to measure behavioral risk 
Measurements
Falls and fall-related injuries
In the 2006 BRFSS, two unique questions were added to obtain information about falls and fall-related injuries among the study participants aged 45 years or older. The first question was: "In the past 3 months, how many times have you fallen"? Four responses were provided to this question: "number of times of falls", "none", "don't know", or "refused". Study participants with the responses of "don't know" or "refused" were excluded from this study (2.6%). Among the study participants who had at least one fall in the past three months, a second question was asked: "How many of these falls caused an injury? (By an injury, we mean the fall caused you to limit your regular activities for at least a day or to go see a doctor)". The response for the second question was: "number of times of falls", "none", "don't know", or "refused". Those with the responses of "don't know", or "refused" were excluded from related analyses (0.6%). Two binominal (yes/no) variables were created according to these two questions on whether or not any fall in the past three months and any injury from the fall(s) had occurred.
Other measurements
Age was categorized into nine 5-year age groups. Race was classified into White, Black, Hispanic, and other races. Annual family income was assessed as either less than $35,000 or $35,000 or more. Self-reported general health status recorded as excellent, very good, good, fair, and poor. Overweight was defined by body mass index (BMI) of 25 or above, and obesity, by BMI of 30 or above. Smoking status was categorized into current smokers and non-smokers. Heavy alcohol use was defined as adult men having more than two drinks per day and adult women having more than one drink per day. Information was also obtained concerning marital status, college education, and metropolitan classification.
Statistical analysis
Two statistical programs were used to analyze data in the current study. Since the BRFSS data are in SAS format, the statistical program SAS System for Windows (Release 8.2) (SAS Institute Inc. Cary, NC) was utilized for data management and variable examination, such as sorting data and recoding variables. Due to the nature of complex survey data from the BRFSS, statistical software SUDAAN (Release 9.0.1) (Research Triangle Institute, Research Triangle Park, NC) was used to analyze data, as SUDAAN can account for the complex multistage sample design and sample weigh.
The PROC CROSSTAB procedure in SUDAAN was utilized for univariate analysis, such as description of study population and assessment of bivariate associations. Fall and fall-related prevalence rates were calculated by dividing the number of persons with an occurrence by the total number of survey participants in the same group. Differences in prevalence rates were evaluated for statistical significance by the chi-square test, which is available in SUDAAN. Ninety-five percent confidence intervals (95% CI) were provided for all prevalence rates. The PROC LOGISTIC procedure in SUDAAN was employed to identify independent correlates of falls or fall-related injuries in multivariate analyses. All analyses used weighted data to adjust for non-response so that the results were representative to the US population. These adjustments were made by applying weights in all analyses. Weights were provided by the CDC and available in the BRFSS data files.
Results
Study population description
Included in this study were 232,363 individuals who were aged 45 years or older and provided valid data on falls. About one third of the study population was aged 65 years or older, and 53.7% were females. The majority of the study population was White (76.8%), with 8.5% of Black, 9.3% of Hispanic, and 5.4% of other races. In this study population, 67.8% were married, 60.5% had a family annual income of $35,000 or more, 58.4% received some college education, and 20.4% lived in rural areas. About two third of the study population were overweight or obese, and 6.8% reported a poor health status (Table 1) .
Falls
In the study population, 15.7% (n = 38,976) individuals reported at least one fall occurred in the past three months. The average number of falls in the past three months among those who fell was 2.1. The risk of falls increased from age 45 through 59, then decreased till age 69, and increased again after age 70. The highest fall occurrences were seen among those aged 80 years or older. Females had a higher prevalence rate of falls before age 65; however, the gender difference was inferior after age 65 (Figure1). Those who were unable to work or who were unemployed had a significantly higher prevalence rate of falls in the past three months (figure 2).
Univariate analyses showed that the following factors ( 
Fall-related injuries
Of those who fell in the past three months, 33.1% (n=12,980) sustained injuries. Figure 3 presents the prevalence rates of fall-related injuries in the past three months by age and gender. For all ages, females had a significantly higher risk of getting injuries from falls. The prevalence rate of fall-related injuries was highest among the youngest age group (45-49), then decreased till age 65, and increased afterwards. Among females, however, this rate decreased again for age 75 years or older. Those who were unable to work or who were unemployed had significantly higher prevalence rate of fall-related injuries in the past three months (Figure 4) . Those of the female gender, aged between 45 -54, White race, unmarried, with a lower socioeconomic status, current smokers, no exercise, obese individuals, and poor health were significantly more likely to acquire injuries from falls (all p-values<0.05) ( Table 3 ). Multivariate analyses revealed that both age groups of 45-54 and 70 or older, females, no college education, unable to work, currently smoking, obese, and with a poor health status were all independently associated with fall-related injuries (all p-values < 0.05). Prevalence rate of falls by employment status. 
Discussion
This study analyzed the 2006 BRFSS data to examine fall occurrences and fallrelated injuries in the past three months and associated factors in the general U.S. population aged 45 years or older. The authors found that falls and fall-related injuries were not just common among the individuals over 65 years but also frequent among the middle-aged group before reaching 65 years. Additionally, the peak of fall-related injuries was seen between ages 45 to 54 years. This increased risk could be due to certain occupations. Since the BRFSS did not ask where falls occurred, it was unclear whether or not the reported falls were related to occupations. However, when evaluating fall and fall-related injury prevalence rates by employment status, those who were currently employed had the lowest rates, and those who were unable to work or unemployed had the highest rates. One possible explanation for this finding was that certain health problems that make people to ill to work or to be employed also put these people at a higher risk of falling. This finding provided an alert that prevention for falls should start earlier than senior years, as one in three falls among those aged 45 to 54 would result in an injury. Prevalence rate of fall-related injuries in the past three months by age and gender.
Socioeconomic status was also shown to impact falls and fall-related injuries. The indirect impact of socioeconomic status on health is well evident [13] . A higher socioeconomic status indicates more knowledge (including health-related issues), likelihood of being physically active, good work environment, and better access to health care, and less chance of being a smoker and obese, both were significant risk factors for falls and fall-related injuries.
www.witpress.com, ISSN 1743-3509 (on-line) Females usually had a higher risk of falls compared to males [14, 15] . The current study confirms this phenomenon. However, the gender difference of falls was inconsequential for older adults aged 65 years or older, indicating prevention for falls should target older men as well. On the other hand, females were significantly more likely to sustain injuries from falls than males across all ages, which could be due to the factor that females have a lower bone mineral density than males in general.
Figure 4:
Prevalence rate of fall-related injuries by employment status.
Healthy life styles benefit good health in different ways, including preventing falls and fall-related injuries. The current study showed that exercise decreased the risk of falls and fall-related injuries, while obesity, smoking and heavy alcohol use increased the risk. Interestingly, marital status also had an influence on falls, although it is not clear why such an association exists.
The BRFSS is well designed and collects data from a very large sample to represent the U.S. population [11] , which is the strength of this study. There are several limitations recognized in this study. First, the survey is based on noninstitutionalized populations and excludes persons residing elsewhere, such as nursing homes or long term care facilities. Thus, the rate of falls and fall-related injuries could be underestimated. Second, the BRFSS data were self-reported and recall bias was possible for both fall related information or other study variables. Third, as all survey designs, the temporal relationship between falls and some associated factors were unclear, for example, poor health could be the cause or the consequence of a fall.
In conclusion, this study found that falls were common among both males and females aged 45 years or older in the U.S. One in every three falls would result in an injury, which caused limitations to one's regular activities for at least a day or going see a doctor. The factors found to be associated with falls and fall-related injuries were age, gender, low income, lack of education, smoking, no exercise, obesity and poor health status. To prevent falls, certain factors could be modified, such as living a healthy lifestyle, including regular exercise to manage weight, to improve muscle strength, gait and balance, and to enhance overall health condition.
